Background: Widespread use of antiplatelet and anticoagulation medications (APACs) can be a difficult challenge in the presence of a neurosurgical emergency. Premorbid use of APACs, particularly clopidogrel, has been shown to affect outcomes in patients with stroke and traumatic brain injury. Objective: We hypothesized that pre-morbid clopidogrel use in patients with intracranial hemorrhage necessitating surgical intervention would lead to a greater risk of death and need for re-operation than those taking other APACs. Methods: Retrospective single institution review was conducted from January, 2010 through November, 2012 for intracranial hemorrhages necessitating surgical evacuation. Acute, subacute and chronic subdural, epidural and intraparenchymal hemorrhages were included. Results: 185 of 410 patients that required surgery for intracranial hemorrhage were on APACs. Overall mortality rate was 33%, with a 37% mortality rate in the APAC group. Overall reoperation rate was 7.5%, and 13% 
Introduction
Patient use of antiplatelet and anticoagulation medications (APACs) has steadily increased over the past two decades [1] - [5] . These medications are prescribed for a variety of medical disorders and conditions and have a proven track record in the treatment of such diseases. However, the premorbid use of APACs has proven to be a difficult challenge in the presence of a neurosurgical emergency. They pose a risk factor for intracranial hemorrhage [1] and have been associated with poor prognoses in the settings of both spontaneous as well as trauma-related hemorrhage [6] - [10] . With respect to spontaneous hemorrhage, antithrombotic therapy is associated with 7000 of the 60,000 (12%) intracerebral hemorrhages (ICH) that occur annually in the United States (which represents approximately 1% of incidental strokes) [11] . In the setting of trauma, APACs contribute to both the incidence as well as the severity of accompanying intracranial hemorrhage [10] [12]- [14] . Warfarin use may double the attendant risk of ICH. Risk increases exponentially as the INR rises beyond recommended therapeutic levels. In the general population, aspirin use may increase the risk of ICH by as much as 40% [11] . In addition, it is not uncommon for patients to be placed on a dual or even a triple regimen of APAC medications. The combined use of two or more medications appears to carry a greater risk of spontaneous ICH than does the use of single agents [11] [15]- [17] . Given the increasing use of APACs [1] - [5] and the rapid development of newer agents, the neurosurgical implications are significant.
Neurosurgical intervention for intracranial hemorrhage is dependent on a number of factors including the hematoma size, mass effect, and neurological status of the patient. However, the initiation of surgical evacuation also involves consideration of the natural history of intracranial hemorrhage, and an understanding of the patient's overall prognosis. Regarding ICH, recent investigations have addressed issues such as risk for hematoma expansion [13] [18]- [20] , outcomes of intracranial hemorrhage in patients taking APACs [6] - [10] and differences in said outcomes between the various types of antithrombotics [10] [21]- [25] . These studies were performed primarily with regard to stroke, emergent care and care in a trauma setting, not to neurosurgical intervention. To our knowledge, there are no studies specifically addressing the surgical outcomes of this patient population. Furthermore, we have not identified any specific studies that differentiate surgical outcomes between patients pre-morbidly taking antiplatelet medications and those taking anticoagulant medications. Our experience with intracranial hemorrhage suggested that outcomes for patients taking clopidogrel were worse than those in patients taking warfarin. We hypothesized that in patients suffering from an intracranial hemorrhage necessitating surgical intervention, pre-morbid clopidogrel use would place patients at a greater risk of death and need for re-operation than those taking other APACs. We sought to test this hypothesis by reviewing our outcomes for patients treated at our institution for intracranial hemorrhage over a 2-year period. We believe that these results have potentially significant implications with respect to the consideration of treatment options, patient and family counseling, and directions for future investigation (Figure 1 ).
Materials and Methods
An IRB approved, single institution, retrospective Chart 1 review was conducted on surgically treated intracranial hemorrhage patients at Virginia Tech Carilion from January, 2010, through November, 2012. Chart 2 reviews were conducted through the institutions electronic medical record (EPIC). Surgical hemorrhages included acute, subacute, and chronic subdural, epidural, and intraparenchymal hemorrhages. Aneurysms necessitating craniotomy for clot evacuation were included, but surgeries for elective aneurysm clipping related to aneurysmal subarachnoid hemorrhage were not. Patients initially undergoing surgery at outside institutions were excluded.
Patient information collected included medical record number, date of surgery, time of surgery, the surgeon performing the procedure, sex, date of birth, age of the patient, date of first surgery, date of second surgery (if performed), the type of surgery performed, the type and location of hemorrhage, whether any reversal products were given (platelets, ddAVP, FFP, factor VII, vitamin K, PCC, etc.), whether blood transfusions were given, presence of cardiac events, whether the patient was on an APAC (and if so which medication), presenting INR and last INR prior to surgery, whether the pathology was trauma related, the imaging characteristics including width/length/height/volume and midline shift, Glasgow Coma Scores (GCS) and GCS motor scores, anisocoria, medical comorbidities, ETOH or illicit drug use, height/weight and BMI of patient.
The study group consisted of all patients undergoing surgical evacuation for intracranial hemorrhage, both spontaneous and traumatic. The primary outcomes analyzed were mortality and need for re-operation. An analysis was performed comparing all patients taking APACs with those who were not. In addition, specific medica- tion subgroups were compared. For statistical power, we included only comparisons between groupings of warfarin, clopidogrel and aspirin. Secondary outcomes evaluated included total hospital days, EBL, blood transfusions required, cardiac events, ventilator days and ICU days. Statistical analysis was performed using Chi-square contingency testing and multivariate regression techniques utilizing the FREQ procedure, T-Test comparison and LOGISTIC analysis.
Results
410 patients underwent surgery for intracranial hemorrhage between January, 2010, and November, 2012, for intracranial hemorrhages. 310 were trauma related. The average age of patients in this study was 60.1 years with 69% being males. The average presenting GCS was 10.5.
185 (45%) patients were premorbidly taking APACs. 127 patients were on aspirin, 41 were on clopidogrel and 58 were on warfarin. 12 patients had received enoxaparin, 4 were on heparin, 3 patients had received tissue plasminogen activator, 2 patients were on Aggrenox, 2 patients had received prasugrel, 2 patients had received eptifibatide, 1 patient was on dabigatran, 1 patient was on cilostazol. Of patients treated with clopidogrel, 32 were also on aspirin, 3 were on enoxaparin, 3 were on warfarin, and 4 were on other APACs. In the warfarin group, 16 were on aspirin. The average INR of patients presenting on warfarin was 2.3 (range 1.2 to 8).
A total of 137 patients died (33% of total) within 90 days of presentation. 69 of the patients who died were on an APAC (37% mortality rate overall in this group) and 68 patients were not (30% mortality rate overall in this group). 31 patients overall required additional surgery, 24 of which were on an APAC (77%). Of patients that required reoperation, 16 died (52%). 15 of the 16 patients who died after reoperation were taking an APAC.
The average GCS for patients presenting on an APAC was 11.6 compared with 9.8 for patients who were not on an APAC. The average estimated blood loss for the APAC group was 195.5 mL during surgery vs. 187.2 mL. There were 41 packed red blood cell transfusions (PRBC) for the APAC group (24%) vs. 49 for the non-APAC group (21%). There were 65 cardiac events that occurred in the APAC group (35%) vs. 20 in the non APAC group (9%); these included documented new onset bradycardia, left bundle branch blocks, arrhythmias including atrial fibrillation with and without rapid ventricular rate, supraventricular and ventricular tachycardia, myocardial infarction, non-ST elevated myocardial infarction, congestive heart failure, pulseless electrical activity and cardiac related hypotension. The average ventilator days for patients taking an APAC were 6, ranging from 0 to 53 compared to 7 days for patients not on an APAC. The average ICU stay was 6 days for the APAC group and 7 for the non-APAC group.
Subgroup analysis for the aspirin groups (127 patients) demonstrated 50 deaths (39%) and 16 patients that required reoperation (11%). 93 were trauma related. The average GCS was 11.6. The average EBL was 206 mL and 33 patients required blood transfusions (26%). There were 42 cardiac events (33%). The average ventilator days were 6 and an average ICU stay of 7 days.
For the clopidogrel group (41 patients), there were 22 deaths (54%) and 7 patients required reoperation (17%). 29 were trauma related. The average GCS was 10.8. The average EBL was 255 mL and 17 patients required blood transfusions (41%). There were 22 cardiac events (54%). The average ventilator days were 7 and an average ICU stay of 7 days. In patients on clopidogrel, not receiving aspirin (9), there was one patient that needed a repeat operation and 7 mortalities.
For the warfarin group (58 patients), there were 17 deaths (29%) and 7 patients required reoperation (12%). 44 were trauma related (76%). The average GCS was 12. The average EBL was 195 cc and 11 patients required blood transfusions (19%). There were 24 cardiac events (41%). The average ventilator days were 4 and an average ICU stay of 5 days.
Pearson's Chi-square contingency testing with 95% confidence interval was used for analysis of primary and secondary outcomes. With respect to mortality, our study found that there was no significant association between APAC use in general and mortality (p = 0.13), warfarin and mortality (p = 0.47), aspirin and mortality (p = 0.09) and not being on an APAC and mortality (p = 0.13). In addition, there was no statistically significant association between reoperation and warfarin use (p = 0.16).
With respect to primary outcomes however, Chi Square testing did show statistical significance between APAC use and need for reoperation (p < 0.001), aspirin use and the need for reoperation (p = 0.010), clopidogrel use and mortality (p = 0.004) and clopidogrel use and need for reoperation (p = 0.015).
As a measure of secondary outcomes, there was no statistically significant association between the use of an APAC, aspirin, or warfarin and the need for PRBC Transfusion (p = 0.93, 0.12, 0.55 respectively). The use of clopidogrel and the need for transfusion was found to be significant with a p-value of 0.001. Aspirin, warfarin, clopidogrel and APAC as a whole were all associated with adverse cardiac events (p < 0.001 for each measure). In comparison of continuous variables, ICU level of stay and ventilator days were both associated with increased mortality (p < 0.001 for each).
Because of the significant confounding variables that we felt were inherent in this study; age, the presence of trauma, and the presenting GCS score, were accounted for statistically by using multivariate logistic regression models. Tests of association were made for gender, age, age groups, trauma and GCS scores. When adjusted for baseline/demographic variables, trauma, GCS score, and age were associated with higher mortality and found to be statistically significant when considered univariately. GCS score when considered univariately, was statistically associated with need for reoperation.
Multivariate logistic regression showed that when adjusting for trauma, GCS score and age, APAC use as a whole was not associated with higher mortality. However, when adjusted for GCS score, APAC use, and the use of clopidogrel (Pr > ChiSq 0.021, OR 2.977 95% CI, 1.182 -7.500), is associated significantly with the need for second surgery. When individual APAC use is adjusted for trauma, GCS score and age, only clopidogrel is significantly associated with higher mortality (p = 0.05). There was not enough evidence to detect an association between aspirin or warfarin and increased mortality or need for reoperation.
Discussion
The pre-morbid use of APAC medications in the setting of intracranial hemorrhage requiring surgical evacuation has an adverse impact on outcomes. In addition, the impact on outcomes appears to vary with the type of APAC used.
Patients with surgical intracranial hemorrhages require aggressive perioperative management particularly with respect to the reversal of anti-coagulation and/or ant-platelets as well as strict blood pressure control. We had suspected from anecdotal experiences that patients taking clopidogrel pre-morbidly faired worse than those taking other APACs, perhaps due to the irreversibility of the agent in the acute setting (unlike warfarin for example). In this study we confirmed that patients taking clopidogrel required a greater number of re-operations for re-hemorrhage, and suffered a greater mortality rate than did patients taking other APACs (and patients taking no APACs). These findings may need to be considered and discussed when considering surgery for an intracranial hemorrhage in a patient taking clopidogrel.
Irreversible APACs are empirically problematic in the realm of urgent and emergent neurosurgical interventions. In our study, although patients on warfarin faired more poorly than patients not taking APACS in several outcome measures, they demonstrated better outcomes than did the patients taking clopidogrel. In our institution, patients with a significant intracranial hemorrhage who are taking warfarin are reversed effectively and rapidly with combinations of prothrombin complex concentrate (PCC), fresh frozen plasma (FFP), and Vitamin K. Although multiple regimens have been suggested and employed in patients taking clopidogrel (currently platelet transfusion and DDAVP), no definitive reversal regimen exists. Thus procedures are performed, and post-operative care is affected, against the backdrop of continued platelet inactivation. Not surprisingly, our study confirms that these patients fair worse than those taking no APACs in multiple outcome categories such as mortality, need for repeat surgery, EBL, need for transfusions, and adverse cardiac events. Aspirin, another irreversible platelet inhibitor, was also associated with worse outcomes.
The difficulties in achieving reversibility of antiplatelet medications in an emergent surgical scenario highlight the need for better treatment protocols. In addition, future interventions for intracranial hemorrhage can be anticipated to become increasingly challenging as the market becomes saturated with new, irreversible APACs such as dabigatran, rivaroxaban and apixaban. Such agents have the allure of requiring no coagulation-profile monitoring, but possess no effective antidote and/or universally accepted reversal protocol. This consideration is hardly featured prominently in "direct-to-the customer" advertising readily seen in multi-media campaigns. Strikingly, most hospital pharmacies have no suggested reversal protocols in place for many of these agents.
Potential confounders of this study include the comorbidities that often accompany the use of anticoagulation and antiplatelet agents. Statistical methodology helps to minimize these confounders to some extent, however the age difference between study groups was definitive: non-APAC age group averaged 50.6 years, compared to the APAC group of 71.7 years. In addition, many of the patients on clopidogrel were on more than one agent, which is a known risk factor for ICH [11] [15]- [17] . There were only 9 patients taking clopidogrel as a single agent, making statistical analysis underpowered when looking at clopidogrel alone; thus the results of this study may be best looked at in terms of dual antiplatelet therapy. Though not measured directly in this study, we acknowledge that the number and severity of comorbidities of patients taking APAC medications are likely to be significantly increased when compared to those who are not taking such medications; the differences of comorbidities among the varying APAC subgroups is less clear.
A key issue is the optimal treatment strategy of intracranial hemorrhage in the face of clopidogrel use. The literature would suggest that there is no definitive reversal algorithm that has been established in the treatment of antiplatelet related intracranial hemorrhage [15] [26]- [28] , but aggressive platelet transfusion empirically seems appropriate in this context. Ideally, outcomes in such patients with varying reversal protocols would be studied.
Another phenomenon to be mentioned in a post-hoc review was a pattern of malignant edema seen post-operatively in several patients taking clopidogrel (see Figure 2) . When this pattern occurred, we were often forced to return to the operating room for full decompressive craniectomies. We are not aware of descriptions of similar phenomena in this context and are not aware of a pathophysiological mechanism behind it. It is unknown to what extent practitioners who prescribe APACs are aware of the medications' potential dire neurological consequences, and the neurosurgical challenges they may present. We were not able to ascertain data on the general use of APACs in our geographical region, though our study identified that of the 410 patients requiring surgical evacuation for intracranial hemorrhage over the course of 23 months, 185 were on some form of an APAC. It has been suggested that an increase of 1% -2% of ICH rates can negate the benefits of antithrombotic therapy [11] . It should be noted that while the mortality of our study is disproportionately higher to what has been described in the literature [29] [30] , this is the first paper, to our knowledge, that assesses the adverse effects of APAC use on patients presenting with surgically-treated intracranial hemorrhage.
Conclusion
Patients pre-morbidly taking APACs suffer worse outcomes than those who are not, when acute intracranial hemorrhage necessitates surgical evacuation. Those taking clopidogrel fair worse than patients on other APACs with a statistically significant increase in mortality and need for repeat operations. Increased adverse outcomes need to be acknowledged when considering surgical intervention for patients with intracranial hemorrhage taking APACS, particularly clopidogrel. Ideally, acute reversal agents should be available for all APACs. In short of this, reversal or mitigating-agent protocols should be investigated and disseminated for each of the APAC agents.
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